cells, considered to be "ectopic" by some, may be seen in the lamina propria (3, 27) , but the extensive mucosal neural networks are believed to derive from the cellular processes or "neurites" of the submucosal or myenteric ganglion cell bodies of the ENS or from the extrinsic plexuses of the autonomic nervous system (3, 7, 8) .
Failure of enteric neural crest-derived cells (ENCCs) to migrate and colonize the entire length of the gut results in Hirschsprung disease (HSCR), a congenital condition that is pathologically characterized by variable lengths of aganglionic distal gut, most commonly limited to the rectosigmoid and rarely extending proximally into the small intestine (21, 26) . Diagnostic pathology of HSCR has been the subject of some controversy, particularly as it relates to the expression of various histochemical and immunohistochemical markers of various constituents of the ENS (11, 16, 17, 22, 29) .
In addition to neurons, the ENS contains a network of glial cells that have been morphologically compared with the astrocytes of the central nervous system and are often described as "irregular, stellate-shaped cells that are associated with neuron cell bodies in enteric ganglia" (12) . Largely on the basis of animal studies (6, 12, 14, 33) , glial fibrillary acidic protein (GFAP) and the calcium-binding protein S100 have become a gold standard for identification of enteric glial cells, although the enteric glia are not as precisely defined as their counterparts in the central nervous system, and a historical debate about the distinction between "astrocyte-like" enteroglial cells and enteric Schwann cells persists, even with the use of various immunohistochemical markers (24) . Intramucosal glial cells were largely excluded from original descriptions of glial components of the ENS, but recent studies demonstrate the presence of a distinct network of astrocyte-like mucosal enteroglial cells that likely contribute to epithelial cell differentiation, regulation of barrier function, and mucosal inflammation and healing (12, 31, 32, 34, 37) . Enteric glial cells also appear to have a significant role in modulating neural signaling and the remarkable ability to generate functional neurons in culture, either through dedifferentiation into progenitor cells followed by differentiation into neurons or by transdifferentiation into enteric neurons (15, 20) .
Despite significant progress in understanding the pathophysiology associated with enteric neurons and enteroglial cells separately, the intersection between these two cell types has remained enigmatic. Sensory and motor activities of the gastrointestinal tract are largely attributed to neuronal function, while the enteroglial cells are thought to play an important role in maintaining epithelial homeostasis, as described above. Enteroglial cells are phenotypically described as stellate cells expressing specific glial markers such as S100 and GFAP, while neurons are described as dendritic cells with a prominent cell body expressing specific neuronal markers such as neuronspecific class III ␤-tubulin (Tuj1) and the calcium-binding protein calretinin (33) . HSCR is often described as the quintessential disorder of intestinal innervation in which intraganglionic and extraganglionic neural cell bodies are thought to be absent, but the fate of extraganglionic glial cells is largely unknown.
Based on a series of observations in normal and aganglionic human intestine, we show a significant overlap between what has been traditionally described as two separate populations of intramucosal neurites and intramucosal enteroglial cells, suggesting that the ENS microanatomy in human intestinal mucosa may differ from previously proposed models. Based on our findings, we propose that the human intestinal mucosa contains a distinct population of interconnecting dendritic cells with overlapping neuroglial differentiation. Moreover, these intramucosal neuroglial cells (INCs) are present in the aganglionic colon, challenging our current understanding of ENS pathophysiology and suggesting that human HSCR is only a partial defect in ENCC migration and differentiation or that the ENS is not uniquely derived from the classic rostrocaudal migration of neural crest-derived cells.
MATERIALS AND METHODS

Patients and specimens.
All studies were conducted under a protocol approved by our Institutional Review Board. A case series of surgical resections in three children with confirmed HSCR, as well as histologically normal rectosigmoid colon from two children with adenomatous polyposis and two adults with sigmoid adenocarcinoma, constituted the primary source for the histological and immunohistochemical studies. All specimens were fixed in neutral buffered formalin for 24 -36 h and then processed routinely for paraffin embedding followed by hematoxylin-eosin staining for immunohistochemistry. As acetylcholinesterase (ACE) histochemistry is no longer routinely performed at our hospital, data on ACE were obtained from archival frozen sections on diagnostic rectal suction biopsies. All samples were fixed in 10% neutral buffered formalin unless otherwise specified. In all cases of HSCR, the pathological diagnosis was confirmed by the absence of ganglion cells per standard clinical protocol (28) .
Immunohistochemistry. Sections (5 m) of formalin-fixed, paraffin-embedded tissues were deparaffinized with xylene and hydrated through a graded series of alcohol. After antigen retrieval in 0.1 M sodium citrate (pH 6.0), endogenous peroxidase activity was inhibited with 3% hydrogen peroxide in methanol. The sections were incubated with the primary antibodies and then with a biotinylated secondary antibody and the avidin-biotinylated horseradish peroxidase complex. Staining was developed using diaminobenzidine (DAB; Sigma, St. Louis, MO) or Fast Red Chromogen (Covance, Dedham, MA). Mayer's hematoxylin (Sigma) was used for nuclear counterstaining.
Primary antibodies are listed in Table 1 . Calretinin-CD56, calretinin-S100, and calretinin-synaptophysin double stains were performed using clinically optimized antibody dilutions and reagents for Bond-Max (Leica Microsystems, Buffalo Grove, IL). Other stains used antibody dilutions and reagents for Benchmark-ULTRA (Ventana Medical Systems, Tucson, AZ). All immunohistochemical stains and methods were validated according to national clinical laboratory standards, and appropriate positive and negative controls were included in each run. Photographs were taken on a BX43 microscope (Olympus America, Center Valley, PA) coupled to an Infinity 2-5 camera (Lumenera, Ottawa, ON, Canada). Images were captured in Photoshop (Adobe Systems, San Jose, CA), optimized for brightness and color to maximize the image histogram width, and cropped to assemble the final images. Immunofluorescence. Sections (5 m) of formalin-fixed, paraffinembedded tissues were deparaffinized with xylene and hydrated through a graded series of alcohol. After antigen retrieval with 0.1 M sodium citrate, slides were blocked with 10% goat serum (Jackson ImmunoResearch Labs, West Grove, PA) and 10% bovine serum albumin (Sigma). Primary antibodies (Table 1) included human natural killer-1 [HNK1 (CD57)], Tuj1, and S100. For GFAP staining, tissue was fixed with 4% paraformaldehyde and embedded in sucrosegelatin, and 10-m cryosections were stained with GFAP antibody. Fluorescent secondary antibodies included Alexa Fluor 488-and 546-conjugated anti-mouse IgG, anti-mouse IgM, and anti-rabbit IgG (Invitrogen, Grand Island, NY). Cell nuclei were visualized with 4=,6-diamidino-2-phenylindole dihydrochloride (Vector Labs, Burlingame, CA). Samples were examined under a Nikon Eclipse 80i microscope and photographed with a Spot camera. Confocal images (see Fig. 6 ) were captured with a Nikon Eclipse Ti-E inverted microscope equipped with a confocal multiphoton laser scanner and with argon (458-, 477-, 488-, and 514-nm), diode (404-nm), and diode-pumped solid-state (562-nm) lasers. Photomicrographs were optimized for brightness and color to maximize the image histogram width, cropped, and assembled with Photoshop.
Image analysis and morphometry. Sections of histologically normal colon mucosa were collected from 10 patients who underwent diagnostic biopsy or colectomy, and calretinin immunostaining was performed with DAB. Slides were scanned using a ϫ20 objective on a Leica DM6000 microscope configured as Leica Ariol Image Analysis Workstation (Leica Biosystems, Richmond, IL). Scanning used the Ariol Gensight protocol, and analysis used the Ariol Multistain assay (Ariol system application software version 4.0) trained to measure and analyze the brown DAB pigment in the background of light-blue hematoxylin counterstain. Image analysis was limited to the lamina propria by manual creation of masks that followed the epithelial basement membrane (see Fig. 7 , a-c). For each patient, five individual foci in two separate regions were analyzed. A focus was defined as the lamina propria between two adjacent crypts and extending from the muscularis mucosae to the base of the surface epithelium (see Fig. 7a ). A region was defined as the span of at least six crypts well-oriented to the muscularis mucosae. The number of cell bodies in each area was manually counted by an experienced gastrointestinal pathologist (K. Badizadegan). A cell body was defined as a DAB-positive region within which an angulated (spindle or triangular) hematoxylin-positive structure (i.e., a nucleus) was identifiable (see Fig. 7b , arrows).
Flow cytometry. Fresh human colon was obtained immediately after resection, and the muscularis propria was removed by simple dissection. The remaining mucosa and submucosa were mechanically dissociated and enzymatically digested with a mixture of dispase (250 g/ml; StemCell Technologies, Vancouver, BC, Canada) and collagenase XI (750 U/ml; Sigma) in NeuroCult NSC Basal Medium (StemCell Technologies) at 37°C for 20 min. Cells were passed through a 40-m-mesh filter, treated with 1ϫ permeabilization buffer (eBioscience, San Diego, CA), and incubated with mouse anti-Tuj1 and rabbit anti-S100 antibodies (Table 1) for 30 min at room temperature. The control samples were treated the same way, but without primary antibody. After the cells were washed in permeabilization buffer, anti-rabbit Alexa Fluor 488 and anti-mouse Alexa Fluor 647 secondary antibodies (Invitrogen) were added at 1:500 dilution and incubated for 30 min. Cells were washed twice with permeabilization buffer and once with FACS buffer (1ϫ PBS, 1% BSA, and 0.1% NaN 3). All samples were run on FACSVerse (BD Biosciences, San Jose, CA) and analyzed with FlowJo software (TreeStar, Ashland, OR).
RESULTS
Normal colon mucosa contains inconspicuous submucosal nerve fibers that are visualized by hematoxylin-eosin staining of formalin-fixed, paraffin-embedded tissue sections (Fig. 1a,  arrowhead) . Occasional ganglion cells, with their characteristically abundant cytoplasm and round, eccentric nuclei, can also be seen (Fig. 1a , arrow and inset). Immunohistochemical staining for the calcium-binding protein calretinin reveals delicate dendritic cellular processes in the lamina propria (Fig.  1b) . Interestingly, these calretinin-positive cellular structures, which are commonly referred to as neurites (cellular processes), emanating from the submucosa (4, 11, 17) , appear to contain cell nuclei within the lamina propria (Fig. 1b, arrows and inset). Histochemical staining for ACE is generally negative in normal colon mucosa (Fig. 1c) , although delicate neurites may occasionally be seen.
Aganglionic colon from a patient with HSCR shows the absence of ganglion cells on multiple serial sections (not shown), as well as the characteristic neural hypertrophy (Fig.  1d, arrow) . In contrast to the ganglionic normal colon, calretinin-immunoreactive cellular processes appear to be absent from the mucosa of aganglionic colon ( Fig. 1e) , while ACEpositive dendritic cellular processes are now prominent (Fig.  1f) . Interestingly, as noted with the calretinin-immunoreactive cellular processes in the normal colon, the ACE-positive fibers in aganglionic colon appear to be associated with cell nuclei located within the lamina propria (Fig. 1f, arrows and inset) . As such, immunoreactivity and enzyme histochemical characteristics of the intramucosal ENS are not entirely explained by extrinsic neurites and appear to be associated with a cellular network, the cell bodies of which are located within the lamina propria.
We performed additional immunohistochemical staining to characterize the immunophenotype of dendritic cells within the lamina propria. The calretinin-positive processes and cell bodies shown in Fig. 1b are again readily apparent in normal colon mucosa (Fig. 2a) , where a direct cell-cell connection can also be seen between two neighboring cells, the nuclei of which are marked by arrows (Fig. 2a, arrows) . Cells with similar morphology are immunoreactive for the neural cell adhesion molecule, also known as CD56 (Fig. 2b) , the neuronal synaptic vesicle glyocoprotein synaptophysin (Fig. 2c) , and the enteric glial cell marker S100 (Fig. 2d) . Occasional cells also react with the neuropeptide VIP (Fig. 2e) . A similar expression pattern was also seen with intermediate filament vimentin (not shown), although vimentin expression was widely distributed in various cell types and was not specific to the dendritic cells. No immunoreactivity in INCs was observed with multiple additional immunohistochemical markers that have been associated with a dendritic cell morphology, including CD21, CD31, CD34, CD57, CD117, CD1a, langerin, D240, tryptase, Neu-N1, and desmin. GFAP was degraded or lost in formalinfixed, paraffin-embedded sections but was detectable on frozen sections (see below). Calretinin-positive dendritic cells in the mucosa are also present in the appendix (Fig. 2f) , small intestine (Fig. 2g) , and stomach (Fig. 2h) , and CD56 stains cells with similar morphology at these locations (not shown).
To determine whether the cells seen in Fig. 2 , a-d, represent a single or an overlapping population, double-immunohistochemical staining was performed using calretinin-CD56 (Fig.  3a) and calretinin-synaptophysin (Fig. 3b) . Overlapping coexpression of markers is observed within the same cells, suggesting that a single cell population within the lamina propria coexpresses calretinin, CD56, and synaptophysin. Rare intra-mucosal ganglion cells, which are morphologically distinct and separate from the intramucosal dendritic cells being studied, also coexpress calretinin and synaptophysin (Fig. 3b, inset) .
As shown in Fig. 1e , aganglionic colon mucosa from a patient with HSCR shows no calretinin expression. This is repeated in another patient with HSCR ( Fig. 4a ) and is consistent with our clinical experience and the literature (4, 11, 17, 19) . However, expression of other neural markers, including CD56 (Fig. 4b) and synaptophysin (Fig. 4c) , remains intact in HSCR. In conjunction with the calretinin-CD56 and calretininsynaptophysin coexpression results shown in Fig. 3 , these findings suggest that the absence of calretinin staining in HSCR may not be due to the absence of neurites derived from calretinin-positive submucosal ganglion cells, as often suggested (4, 17) . In contrast, these results suggest that calretinin expression may be downregulated in intramucosal dendritic cells in the context of HSCR, resulting in loss of detectable calretinin by immunohistochemistry, with preservation of CD56 and synaptophysin.
Our results support the existence of a population of intramucosal cells that exhibits morphological (i.e., cell body with long interconnecting projections) and immunophenotypic (i.e., expression of CD56, synaptophysin, and calretinin) features that are classically associated with ENS neurons. Given the striking morphological similarity of this cell population to intramucosal enteroglial cells described by others (31, 32, 36) , as well as the S100 expression pattern shown in Fig. 2d , we hypothesize that these observations point to an intramucosal dendritic cell population with mixed neuroglial differentiation. The neuroglial phenotype of this intramucosal population of dendritic cells is supported by coexpression of the classic enteric neuronal marker Tuj1 and the enteric glial markers S100 (Fig. 5, a-d) and GFAP (Fig. 5, e-h ) within the same cell population, as shown by immunofluorescent staining. These images are not intended to show or suggest subcellular molecular colocalization of Tuj1 and S100 but, rather, their coexpression in the same cell, as highlighted in the merged immunofluorescence panels. Finally, we provide supportive evidence for a neural crest origin of the INCs by double-immunofluorescent staining using Tuj1 and the neural crest cell marker HNK1 (CD57), as shown in Fig. 5i (arrows) . This observation is not unexpected, given that cellular elements of the ENS are known to be of neural crest origin. Double-immunofluorescent staining was also performed on colon mucosa from patients with HSCR. The proximal, ganglionated colon shows Tuj1 and S100 coexpression within the same dendritic cells in the lamina propria (Fig. 6, a-c) , as seen in normal colon from individuals without HSCR (Fig. 5) . Interestingly, and consistent with data presented in Fig. 4 , we find a similar population of cells in the mucosa from the aganglionic region (Fig. 6, d-f) . Notably, however, S100 and, possibly, Tuj1 expression is reduced, which mimics the reduced or absent expression of calretinin in HSCR and provides further evidence in support of an altered expression phenotype in mucosal neuroglial cells in this disease.
Based on the above findings, we hypothesized that at least one population of cells in the colon exhibits dendritic morphology and expresses markers classically associated with ENS neuronal elements (calretinin, CD56, synaptophysin, and, possibly, ACE). Furthermore, intramucosal cells of a similar and overlapping phenotype appear to express markers that are classically associated with ENS glial elements (S100 and GFAP). The body (nucleus) of this cell is morphologically distinct from the body of the ENS ganglion cell, which may be identified on rare occasions in the lamina propria of the normal colon. We recognize that light-microscopic resolution is not sufficient to exclude the possibility that multiple cell types of similar morphology, but different immunophenotype, are inextricably present in the lamina propria, although we consider this scenario unlikely. Tandem immunohistochemical staining of formalin-fixed, paraffin-embedded tissue sections of normal colon mucosa for calretinin (brown) and CD56 (red) shows coexpression of 2 markers (mixed red and brown pigments) in the same cells. b: Tandem staining with calretinin (brown) and synaptophysin (red) shows similar findings. Inset: coexpression of calretinin and synaptophysin in an intramucosal ganglion cell from a nearby region. While immunohistochemical expression patterns are similar (i.e., cellular coexpression without complete subcellular colocalization), the intramucosal ganglion cell is morphologically distinct from the intramucosal dendritic cells by virtue of its prominent cell body, including a round vesicular nucleus and a prominent nucleolus, neither of which resembles the cell body of dendritic cells (a and b, arrows). c: Staining specificity, spatial resolution, and red-brown color contrast of the method are highlighted in a submucosal ganglion from the same tissue (calretinin in brown, CD56 in red). Scale bar ϭ 10 m (a-c) . 0.007 mm 2 , translating to a fractional area of 6.4 Ϯ 2.6%. Additional information about these two distributions is presented as box-and-whisker plots in Fig. 7, d and e, respectively.
As stated previously, we cannot entirely exclude the possibility that S100-positive or GFAP-positive glial elements and Tuj1-positive neural elements are inextricably associated with each other in two distinct cell populations at a submicron resolution below that of confocal fluorescence microscopy, but we propose that this scenario is less likely than mixed neuroglial differentiation in the same cellular network. This conclusion is further supported by flow cytometry on cells isolated from fresh human colon after removal of the muscularis propria to confirm the presence of a dual-staining population of individual cells. With this approach, we find a small, but reproducible, population of Tuj1-positive/S100-positive cells that comprise ϳ0.4% of the total number of cells obtained from colon mucosa and submucosa (Fig. 7, f and g ). These flow cytometry data are consistent (i.e., same order of magnitude) with morphometric data that showed an average of 102 cell bodies/mm 2 of the colonic lamina propria (Fig. 7) . Finally, we rely on observations in surgical pathology of the human intestinal tract to demonstrate conditions in which there appears to be an intramucosal proliferation with biphenotypic neuroglial differentiation, consistent with origin from an INC type. Figure 8a shows a rectosigmoid polypectomy specimen from a routine screening colonoscopy for colorectal cancer in an otherwise healthy adult in which an intramucosal neuroma was identified. The spindle cells in this benign neoplasm are limited to the colon mucosa (Fig. 8a ) and appear to coexpress calretinin (Fig. 8b) and S100 (Fig. 8c) , supporting the existence of an intramucosal neuroglial phenotype. A similar spindle cell proliferation with coexpression of S100 and calretinin is shown within the lamina propria in a case of acute appendicitis with "fibrous obliteration of the lumen" in an appendectomy from a child with abdominal pain (Fig. 8d) . The luminal obliteration was due to the presence of a cellular proliferation with coexpression of neural (calretinin) and glial (S100) markers, favoring an origin from a single precursor cell with neuroglial features. While we cannot completely exclude the simultaneous proliferation of two separate cell types in each of these cases, that would be a less likely scenario.
DISCUSSION
Based on morphological observations and immunophenotypic characteristics of normal human intestine, we propose the presence of an intramucosal network of interconnected dendritic cells with overlapping neuronal and glial differentiation. We designate this cellular network as INCs, which are distinct in morphology and in number from the occasional intramucosal ganglion cells, which are well characterized (3, 27) . While the phenotype of INCs has overlapping features with those previously described as intramucosal enteroglia (12, 31, 36) , recognition of INCs as a distinct biphenotypic element of the ENS leads to a more complete understanding of its anatomy and pathobiology. Previous work has drawn a sharp boundary between enteric neurons and enteric glia, largely on the basis of historical association of specific cell types with one or two protein markers. For instance, although various S100 protein subtypes are known to be expressed in melanocytes, adipocytes, Schwann cells, chondrocytes, Langerhans cells, and others, S100 is considered to represent a specific marker of enteric glia (12, 31, 33, 35) without definitive proof of its specificity in this regard. On the basis of morphology and immunophenotype, the proposed INC network likely overlaps wholly or in part with what has been considered previously to represent a purely glial network of intramucosal cells.
The acknowledgment of a novel neuroglial cell type explains several puzzling observations in the literature. Morphologically, the intramucosal glial network that has been described by S100 staining (32, 35) has many similarities to the intramucosal neural network demonstrated by protein gene product 9.5 (PGP9.5) or Tuj1 immunoreactivity (1, 2, 23) . Although there is unquestionably a network of axonal processes emanating from the cell bodies of ganglion cells in the wall of the gut and from the extrinsic ganglia, the likelihood that these axons and the enteric glia have a nearly identical dendritic morphology is small. Physiologically, enteric glia are given virtually every neuronal attribute, including neuromodulation, cell-cell synaptic communication, selective response to neurotransmitters, and others (12, 35) . As such, intramucosal glia appear to function largely as primary signaling elements, rather than "supporting" cells. Finally, enteric glial cells can generate functional enteric neurons in vitro (15, 20) , and stem cells derived from the human intestinal mucosa appear to be bipotent, generating PGP9.5-positive neurons and GFAP-positive/ S100-positive glial cells in culture (23) . Despite the shared neural crest origin of enteric neurons and glia, there has not previously been a formal attempt to investigate the coexpression or the relationship of various "glial-specific" and "neuronspecific" markers in the human intestinal mucosa. INCs thus require recognition as a novel cell type in the human intestine. Interestingly, we noted that there appears to be cytoplasmic continuity between neighboring INCs, as seen in Figs. 1b, 2a , 3a, and 5a. This raises the intriguing possibility that these cells may form a syncytial network, which would allow synchronized electrical and chemical activity. Functional and physio- Fig. 7 . Quantitative analysis and flow cytometry of intramucosal dendritic cells. a: Immunostained sections were scanned, and well-oriented regions where crypts reached the muscularis mucosae were selected for analysis. In each region, 5 separate foci were manually selected by following the epithelial basement membrane (magenta lines within rectangular boxes). b and c: Each masked focus was subjected to a manual cell count (b, blue arrows) and automated measurement of brown diaminobenzidine (DAB) pigment (c, orange mask over brown pigment). d and e: Box-and-whisker plots were generated for the number of cell bodies per unit area (d) and for DAB-positive fractional area (e) using data from 10 patients, including 5 analysis foci in 2 separate regions per patient. f: Representative scatter plot of intestinal cells incubated with anti-rabbit Alexa Fluor 488-conjugated and anti-mouse Alexa Fluor 647-conjugated secondary antibodies (1:500 dilution) without primary antibodies. g: Representative scatter plot of cells incubated with anti-Tuj1 and anti-S100, each at 1:100 dilution, and visualized with the same secondary antibodies (1:500 dilution). Axes represent fluorescence intensity for Tuj1 (y-axis) and S100 (x-axis) on a logarithmic scale. Percentage of cells that costain for Tuj1 and S100 [0.02% in the negative control (f) and 0.40% in the presence of primary antibodies (g)] confirms coexpression in a distinct population of cells. Data are representative of triplicate samples. logical studies, however, are needed to test this hypothesis, to precisely define the physiological role and ontogeny of INCs, and to determine the role, if any, of potential syncytial synchronization in the mucosal ENS.
We find INCs in aganglionic segments of intestine in patients with HSCR, albeit with an altered expression pattern. This finding sheds light on seemingly contradictory observations in surgical pathology of HSCR, where numerous markers, including ACE, PGP9.5, and calretinin, have been proposed as aids to the diagnosis of HSCR in mucosal biopsies, but none has gained universal acceptance because of false-positive and false-negative observations in the subsequent clinical validation. Whereas the field has focused on the presence or absence of specific cellular elements, largely on the basis of the observation of a complete absence of ganglion cells in HSCR, we suggest that all such markers focus on the population of INCs, which we have shown can be present in HSCR with an altered expression profile. The use of a nonquantitative method, such as enzyme histochemistry and immunohistochemistry in the background of an altered expression profile, is sufficient cause for falsepositive and false-negative surgical pathology results (29) .
Based on the expression pattern of INCs, we propose that the abnormal mucosal neurites often referred to in the context of HSCR likely include the dendritic processes of INCs and are not entirely made of abnormal extensions of extrinsic nerve fibers, as commonly suggested (11, 16, 17, 22, 28, 29) . The presence of intramucosal nuclei within hypertrophic ACEpositive fibers in HSCR and calretinin-positive cells in normal intestine, in conjunction with the expression of calretinin in submucosal nerves trunks but not in the neurites derived from these trunks (17) , favors a contribution from INCs, rather than extrinsically derived neurites, in many of these scenarios. We cannot, however, exclude the possibility of multiple or mixed populations of INCs and extrinsic neurites in our study.
Regardless of the above-stated arguments for an overlapping neuronal and glial phenotype, our data demonstrate a network of mucosal cells that express glial markers in the setting of human aganglionic colon. In a study of glial GFAP expression in the human intestine, Kawana et al. (18) do not address or describe GFAP-positive cells in the mucosa of normal subjects or those with HSCR. Metzger et al. (23) found a rich network of Tuj1-positive cells, but only rare GFAP-positive cells, in the lamina propria of the human intestine. Interestingly, Kawana et al. describe a network of S100-positive dendritic processes in the lamina propria of normal and aganglionic colon, but they attribute this staining entirely to extrinsic nerve fibers, rather than intrinsic mucosal cells. As discussed below, the presence of intramucosal cells with glial or neuroglial differentiation in the setting of HSCR challenges our current understanding of the pathobiology of this disease in humans. The current understanding of HSCR is based on two fundamental concepts: 1) all intrinsic enteric neurons and glia are derived from the neural crest; and 2) HSCR is caused by a defect in the rostrocaudal migration, survival, or differentiation of these neural crest-derived cells. The identification of INCs in the setting of aganglionosis leads to new hypotheses. 1) INCs may not reach the distal bowel via the rostrocaudal wave of crest cell migration, which appears to be the path taken by ganglion cells. This would be consistent with the observation that glial cells can enter the gut along extrinsic nerve fibers in aganglionic mice (30) or that ENCCs can take alternative pathways to the distal gut (25) . 2) Perhaps HSCR represents a selective defect affecting only ganglion cells, rather than all intrinsic cells of the ENS. Further studies on the embryological origins, anatomic location, and density of INCs in HSCR are needed to clarify these important questions.
Our study has several limitations, largely due to the retrospective nature of the data and the constraints posed by the use of human tissue. We primarily relied on specimens from patients with HSCR in a 2-yr period when we were able to control tissue processing without interrupting clinical care. As such, we had little control over clinical variables, such as patient demographics, clinical presentation, surgical approach, or quantity or quality of tissue available for study. We made an attempt to use archival tissue, but the quantity of material and the annotations describing the archived tissue were not sufficient to contribute to these studies. Despite these limitations, we believe that the morphological findings described here are not patient-specific. Our study focuses on fundamental anatomic observations, rather than variations thereof. It is likely that there are variations in density, distribution, or phenotypic expression of INCs based on age, anatomic location, or disease state, but the existence of INCs in the human intestine is certain. Our observations need to be reconciled with the wealth of data available in various animal models of ENS development and disease.
In summary, we propose the recognition of INCs as a novel cell type in the human ENS. Such recognition sheds light on previous data that would otherwise be incompletely explained by two mutually exclusive populations of intramucosal glia and extramucosal neurons. It also suggests the possibility of an anatomic link between the intestinal epithelium and the nervous system, which until now have been considered to be only biochemically linked through neuroendocrine signaling (9) . Although speculative at this stage, the possibility of a cellular communication pathway between the epithelium and the nervous system through the network of INCs can potentially provide an explanation for clinical and pathological observations in functional disorders of the intestines and HSCRassociated enterocolitis. 
